Recent work on F-theory GUTs has shown that the predicted masses, and magnitudes of the mixing matrix elements in the quark and lepton sectors are in close accord with experiment. In this note we estimate the CP violating phase of the mixing matrices by considering the Jarlskog invariant. We find by carefully treating certain cancellations in the computation of the Jarlskog invariant that |J quark | ∼ α 3 GU T ∼ 6 × 10 −5 , and that the CP violating phase of the quark sector is large, in accord with experiment. Moreover, we predict (up to order one factors) that |J lepton | ∼ αGUT ∼ 4 × 10 −2 and that the CP violating phase of the lepton sector is also large.
to leading order in the small expansion parameters ε. As a first approximation, ε u,d,l,ν ∼ α 1/2 GUT ∼ 0.2, although the specific value of each ε depends on the details of the geometry. Remarkably, these crude order of magnitude estimates yield masses and mixing angles which match with experiment. For example, the magnitudes of the mixing matrix elements are given up to order one coefficients as [5, 6] : 
where the U 's appearing in V P MN S are constrained by the requirement that the norm of each row and column vector is one. Moreover, in the case of neutrinos this also leads to the prediction that the as yet undetected (1, 3) element of the mixing matrix should be close to the current experimental bound. This is to be compared with the observed values: 
where V CKM is taken from [9] , and the 3σ values of V P MN S are from [10] . In [5, 6] , it was assumed that since the Yukawas are only known up to multiplication by order one complex numbers, it is natural to expect CP violating effects to be present. In fact based on this it was assumed that one could not reliably estimate the CP violating phases of the quark and lepton mixing matrices V CKM and V P MN S . However the CP violating phase is very special, and one might have thought that an asymmetric hierarchy of the leptonic Yukawas would lead to a more predictive structure. We will investigate this below. In terms of the standard mixing angle parameterization, CP violation stems from the phases in the mixing matrix: 
where c ij = cos θ ij , s ij = sin θ ij for mixing angles θ ij , and D α is the identity for quark and Dirac neutrino mixing, and for Majorana neutrinos, D α = diag(e iα1/2 , e iα2/2 , 1). A parameterization independent measure of CP violation is given by the Jarlskog invariant J [12] , which for Hermitian Yukawas λ and λ ′ is given as:
where λ j denotes the eigenvalues of λ such that λ 1 < λ 2 < λ 3 ≡ λ 0 with similar conventions for the λ ′ 's, and the pair of matrices (λ, λ ′ ) refers to the Yukawa pairs (λ u , λ d ) or (λ l , λ ν ). The masses are related to the eigenvalues as:
with v a suitable Higgs vev. In terms of the mixing angles and δ, J is given by: 
II. CP VIOLATION ESTIMATES
We now compute the values of the Jarlskog invariants in F-theory GUTs. Although the Yukawas in equations (1) and (2) are not in general Hermitian, as noted in [13] , the polar decomposition theorem ensures that any Yukawa can be written as λ = λ H · U , where λ H is Hermitian and U is unitary. Since it can be shown that the U 's do not play a role in the Jarlskog invariant, it is enough to consider the case of Hermitian Yukawas. Further note that the hierarchy of the Hermitian matrix λ H is the same as that of the original Yukawa.
We now proceed to estimate the value of the Jarlskog invariant in both the quark and lepton sectors using equation (7) . Expanding in powers of the ε's, the leading order behavior of the commutators [λ u , λ d ] and [λ l , λ ν ] is:
Estimating the product of eigenvalue differences appearing on the righthand side of equation (7) as (
2 , and approximating all ε's by the same parameter, it now follows that the magnitude of the Jarlskog invariant in the quark and lepton sectors is roughly given as:
Based on this estimate, we can also extract the value of |sin δ|. Using the form of the mixing matrix in equation (6) and extracting estimates for the magnitudes for each cos θ ij and sin θ ij , the Jarlskog invariants for the quark and neutrino sector can then be written as:
Returning to equations (14) and (15), it follows that in both cases we have:
which correspond to order one numbers (which must be less than one). We now determine the numerical value of the Jarlskog invariants for the quarks and leptons. Since CP violation is a feature of the mixing matrix, we shall use the rough estimate ε ∼ α 1/2 GUT ∼ 0.2 appearing in equations (3) and (4) . Equations (14) and (15) then yield:
While the value of J lepton is still not known, the observed value of J quark is [9] :
which is remarkably close to J F −th quark ! As mentioned previously, we expect large CP violation in both the quark and neutrino sectors, so that sin δ F −th ∼ 1.
This is to be compared with the observed value: sin δ obs quark ∼ 0.93.
Finally, the fact that sin δ lepton is not suppressed in this scenario suggests it may be possible to experimentally measure it soon.
